Efficiency of crop production system is usually influenced by management of weeds. Weeds make a strong competition influence to the growing plants, especially when herbicides are not properly applied. In order to support crop growth, the optimal level of resources and nutrients is also needed. The aim of the investigation was to evaluate the effect of nitrogen form, maize row spacing and herbicide treatment on 1. Weed biomass, 2. Herbicide efficacy and 3. Maize biomass production.
Introduction
Contemporary growing technology of maize has become more and more complex (Rótolo et al., 2015) . It includes a precisely determined plant density and time of sowing of newly derived hybrids, as well as the application of fertilizers in content and formulation adjusted to the requirements of the cultivated plant and climate conditions. For sowing technology, besides density and time, the spatial distribution of plants is important especially for hybrids created to be grown in higher densities (Simić et al., 2009; 2012) . Reduction in the inter-row space is primarily used for higher yield achievement, but it usually decreases weed density/biomass (Begna et al., 2001; Tharp & Kells, 2001 ). The cultivation of crops at a lower inter-row distance decreased weed infestation in 24% in maize field experiments and 64% in field experiments with soybean (Bradley, 2006; Maqbool et al., 2006; Fanadzo et al., 2007) . Maize grown in narrow rows could suppress weeds and increase the consistency of weed control by herbicides (Simic et al., 2012) . Crop-weed interactions are usually driven by competition for resources. Weeds compete with the maize plants for light, water and nutrients, especially nitrogen (N) which is essential for the plant growth (Lindquist et al., 2007; Norsworthy & Frederick, 2005) .
Fertilizers actively support maize biomass development and quality grain production. Of all the nutrients required for maize production, N is required in the largest quantity (Bender et al., 2013) . To improve N use and profitability, its availability must be synchronized with crop need, which can be managed by the use of urease and nitrification inhibitors, among other management practices (Fageria & Baligar, 2005) . The presence of weeds reduced content of soil nitrogen compared to the weed-free treatment, indicating that weeds reduce the amount of N available to the crop for at least part of the growing season (Lindquist et al., 2007) . The period of nutrient availability relative to the crop and weed demands upon nutrient supplies appear to be especially important for determination of the outcome of crop: weed interactions. Slower N realize from legume residues, rather than from synthetic fertilizer was considered to be stressful factor for small-seeded weeds suppression in a past time when slow-realized N fertilizers were not yet synthetized (Liebman & Davis, 2000) . Nitrogen fertilizer rates and herbicides are known to influence weed community structure (Cathcart et al., 2004) . According to investigations, herbicide susceptibility of the different weed species was influenced by N level and higher doses of nicosulfuron and mesotrione were required to achieve a 50% reduction in redroot pigweed biomass grown under low N. In contrast, N did not influence the efficacy of mesotrione when applied to velvetleaf. This indicated specificity among herbicide-species combinations. Differences in herbicide efficacy resulting from different soil N levels may alter weed community structure and may potentially explain possible weed control failures on farm fields.
In nowadays, herbicides need to fulfil many tests according to new EU regulations in order to become approved as more environmentally friendly and recommended for pesticide production and use (http://www. epa.gov/pesticides/regulating/restricted.htm). Although the studies of different herbicide treatment effects on weeds in maize have been carried out worldwide for more than 30 years (Kir & Dogan, 2009) , there is a lack of studies on the optimization of herbicide time of application in maize fields in Serbia. The performance of pre-emergence herbicides is affected by many factors, but rainfall and soil moisture during the early part of the growing season have the greatest impact on weed control efficacy. Most pre-emergence herbicides require 10-20 mm of precipitation within two weeks after application to increase their effectiveness (Kádár, 2001 ). In the central part of Serbia, the weather conditions are often characterized by small amount of precipitation during early spring, so pre-emergence herbicides application usually do not provide good effects. This is one of the reasons that recently post-emergence treatments dominate. But, the choices between control options (if and how to treat) must therefore be made, taking into account the damage that would be caused in the absence of control, as well as the damage caused by the weeds that survive a given treatment. Recently, nicosulfuron and mesotrione are the two most commonly used post-emergence herbicides in maize. Because of dry conditions, mesotrione is increasingly used as pre-emergence herbicide, mostly in a mixture with S-metolachlor. S-metolachlor and nicosulfuron that are registered in Serbia, mainly to control grass weeds, annual and some perennial such as Sorghum halepense, and mesotrione is registered to control broadleaf annual weeds.
In maize, as a crop which is grown in Serbia in the largest percent of arable land, common practice is planting with 70 cm row distance, use of herbicides for weed control and mineral, primarily nitrogen fertilizers to achieve high yield. One of the management methods of weeds control in maize could be the integration of desired N forms, to establish healthy and rapidly growing vigorous crop, and the application of suitable herbicides which can effectively kill the weeds in time. The aim of the investigations was to evaluate the effect of nitrogen form, maize row spacing and herbicide treatment on 1. Weed biomass, 2. Herbicide efficacy and 3. Maize biomass production.
Material and methods
The investigations were conducted in Maize Research Institute, Zemun Polje, Belgrade, Serbia, on a slightly calcareous chernozem soil type under rain-fed conditions. Field experiment was created as a split-splitplot block design with four replications. Maize was planted with application of standard and slow-realize urea fertilizer. Within each treatment of N source, maize was grown into two inter-row spacing (50 cm and 70 cm) and plant densities (59.500 plants per ha and 83.333 plants per ha, respectively) and was treated with the following herbicides: without herbicide application -C, application of herbicides mix for grass and broadleaved weed control pre-emergence (S-metolachlor 960 g ha -1 + mesotrione 120 g ha -1 ) and post-emergence (nicosulfuron 40 g ha -1 + mesotrione 120 g ha -1 ).
Maize hybrid ZPSC 388 from the medium maturity group (FAO 400) was sown in the second decade of April, 2014 April, , 2015 April, and 2016 . Urea was applied in standard form with 46% of N (N1) and slow-realise form with the same amount of N but with possibility to realise this macronutrient through the whole period of maize vegetation (N2). This form contains a urease inhibitor -triamid UTEC (n-butil) tiofosfat (NBPT), Eurochem Agro, Germany. Broadcast application of fertilizers was done in recommended rates at the beginning of maize development. Herbicides were applied with hand-held sprayer calibrated to deliver 15 l at 300 kPa (3 bar) with a flat-fan nozzle (Teejet, 1.4 mm E 04-80).
Six weeks after herbicide application, the biomass of uprooted weeds from 1 m 2 was measured and coefficient of efficacy was calculated. At the same time, aboveground biomass of whole crop plant (g plant -1 ) was evaluated. The development stage of maize at the moment of weed and crop biomass evaluation was BBCH13-15 for pre-emergence application and BBCH22-24 for post-emergence application of herbicides. The experimental data of maize and weed biomass were statistically processed by the analysis of variance (ANOVA) and analyzed by the LSD-test (5 %).
Weather conditions
The meteorological conditions i.e. average air temperatures and sum of precipitation during the vegetation seasons of the experiment were pretty different, Table 1 . In 2014, sum of precipitation was almost twice higher than in 2015 and 2016. The vegetation season in 2015 was actually characterized by drought, with a higher average temperature (21.1 ˚C) and low amount of precipitation (285.4 mm). Other two seasons, 2014 and 2016, were favourable and in 2014 exceptionally high amount of precipitation was recorded. 
Results and discussion
Weed control in maize fields in upper part of Serbia largely depends on chemical methods. However, high input of herbicides has no guaranty that their effects will response to complex weed association composition and be realised under changeable climatic conditions. The dominant weeds in the experimental field in Zemun Polje during the investigation were Chenopodium album, Ch. hybridum and Solanum nigrum as broadleaved annual species and Sorghum halepense as grass perennial weed. In all three years, species from genera Chenopodium participated with almost 50% in total number of weed individuals in untreated control, Table 2 . Subdominant weed was also annual broadleaved species, Solanum nigrum. Such a dominance of those two species are a consequence of the application of the basic measures from intensive maize growing technology, first of all soil tillage and herbicide usage (Stefanović et al., 2011) . 
Effect of nitrogen form, maize row spacing and herbicide treatment on weed biomass production
Obtained results show that neither space between maize rows nor nitrogen form did not significantly influenced total biomass of present weeds when pre-emergence herbicides were applied, Table 3 . Weed biomass was, in average, significantly higher on untreated control (964.7 g m -2 ) than on treated variant (87.7 g m -2 ). After application of post-emergence herbicides, total biomass of weeds was also significantly lower on treated area (97.0 g m -2 ) than on untreated control (2645.7 g m -2 ), Table 4 . Postemergence herbicide mix of mesotrione + nicosulfuron showed very good effect in weed control and in all three seasons, successfully reduced pretty high biomass of weeds. In this variant, significant influence of row space and nitrogen form on weed biomass production were also not recognized. T -Pre-emergence herbicide treatment; C-control; N1-standard Urea; N2-slow-realise Urea
Weed biomass was the highest in 2015 for both herbicide treatments-pre-and post-emergence and also for control. This suggests that weed species probably use the water resources more efficiently than maize crop. The restrictions of any resource caused stronger competitive interactions between crops and weeds (Jones & Walker, 1993 ) and usually, under drought stress due to climate change, the competitive balance would shift in favour of deep-rooted plants (Stratonovitch et al., 2012) . Even though, the weed biomass was pretty higher in the variant with post-emergence herbicide application in all three years. The average biomass of weeds was slightly higher in 70 cm row distance than in 50 cm row distance for both herbicide treatments (528.9 and 523.3 g m -2 for pre-emergence application and 1423.2 and 1329.9 g m -2 for post-emergence application). Nitrogen form influenced weed biomass, in average, but didn't show real regularity in each year and generally, total weed biomass was very similar under both forms of applied urea. Results from previous studies showed that row spacing of maize had a different influence on weed biomass in dependence of crop development stage. Biomass of weeds was decreased almost twice when maize was grown in 45 cm rows instead of 90 cm at eight weeks after crop emergence, but differences were not significant at three weeks after emergence of maize (Fanadzo et al., 2010) . Field experiment results also showed that differences in aboveground dry matter of weeds between planting pattern i.e. narrow and wide rows, were highly significant at flowering and maturity stage of maize, registering at the narrow row arrangement a lower weed aboveground dry matter (Acciares & Zuluga, 2006) .
Herbicide efficacy in dependence on application timing, maize row spacing and nitrogen form
The evaluated herbicide treatments did not expressed significant differences in their efficacy regarding three years average, Figure 1 . Preemergence combination of S-metolachlor + mesotrione and post-emergence mix of mesotrione + nicosulfuron provided good control in all treatments and in the higher extent when they were applied after slow-realise urea and in 70 cm row distance (94.3% and 95.8%, respectively) in comparison to 50 cm row distance (86.6% and 93.4%, respectively). After application of standard urea there were almost no differences in the efficacy of pre-emergence herbicides mixture in 50 and 70 cm row distance (93.0% and 93.8%, respectively). The best efficacy, in average, was observed in post-emergence treatment with mesotrione + nicosulfuron in 50 cm row distance and standard urea application (96.7%).
Pre-emergence
Post-emergence Figure 1 . Coefficient of efficacy of the applied herbicides, 2014-2016 average In general, efficacy of pre-emergence herbicides was 91.9% and of post-emergence treatment 94.8%, for both broadleaved and grass weeds. In other investigation, S-metolachlor gave the best results as a pre-emergence treatment for grass weed control (Pannaci et al., 2007) . The commonly used chemicals for weed control in maize include pre-emergence herbicides, such as terbuthylazin mixed with metolachlor, and post-emergence herbicides, such as nicosulfuron, mesotrione, tembotrione etc. Nicosulfuron and mesotrione with adjuvant can cause antagonism but Skrzypczak et al. (2011) reported that the tank-mixture of these two herbicides and adjuvant gave no antagonistic effect. So, the efficacy of this combination needs to be studied more. Previous studies in the same area of Zemun Polje, showed that pre-emergence herbicides represented by the different mixtures with acetochlor which is from the same herbicide group as metolachlor, took an advantage over post-emergence treatments (Stefanović & Stanojević, 2000) . Nowadays, mostly because of changing climatic conditions, the use of post-emergence herbicides is increasing and nicosulfuron and mesotrione are the two most commonly used post-emergence herbicides in maize field. Mesotrione applied pre-emergence at 235 g a.i./ha or greater, controlled common lambsquarters, smooth pigweed, and common ragweed at least 80% (Armel et al., 2003) . Applied as post-emergence treatment, mesotrione at 35 g/ha and higher, controlled common lambsquarters 91% or greater. Mesotrione applied post-at 140 g/ha controlled smooth pigweed greater than 97%. Common ragweed control by post-mesotrione was inconsistent, ranging from 56 to 97%. According to results of Pannacci & Covarelli (2009) , mesotrione as selective triketone herbicide had to be applied at 90 g a.i. ha −1 to obtain a high efficacy (95%) against Echinochloa crus-galli; while it did not prove effect against Portulaca oleracea even at maximum labelled dose. Thus the ranking among weed species based on their sensitivity to mesotrione was: A. theophrasti = C. album = S. nigrum = X. strumarium > A. retroflexus = P. persicaria > E. crus-galli > P. oleracea. According to results of Zhang et al. (2013) , nicosulfuron and its combination with mesotrione could effectively control broadleaved and grass weeds even when their doses were reduced by 67% and by 33%, respectively. Nitrogen level in the soil is also determining factor for herbicide efficacy. Studies conducted in controlled conditions by Catchcart et al., (2004) showed that some weed species grown under low soil N conditions may escape control by herbicides. This reduced level of control may alter the relative abundance of weed species or species evenness.
Maize biomass production response to nitrogen source, row spacing and herbicide efficacy
Herbicide application also influenced biomass production of maize plants and it was higher compared to control, Figure 2 and 3. The differences are not too obvious at the beginning of the vegetation season (BBCH 13-15) when maize plants were small, but later (BBCH 22-24) maize biomass production was seriously influenced by weeds, Figure 3 . After the herbicides treatments, maize biomass was reduced especially when the mix of herbicides was applied post-emergence. In this treatment, maize plants were exposed to the strong weed competition because weed biomass was higher than at the moment of pre-emergence herbicides application. Other factors, such as row spacing and nitrogen form, didn't show significant influence on maize biomass production per plant even though maize biomass was higher in treatment with standard urea and 50 cm row distance for both herbicide applications. From the other research, grain yield of maize showed more precisely response to nitrogen form and row space (Crozier et al., 2013) . The row spacing x N timing interaction demonstrate the importance of later-season N, at least for the narrow row maize. For narrow row maize, both, the grain yields and the numbers of kernels per row were greater with side-dress application than with all N applied at planting; while no such timing effect was evident with the wide rows.
Cropping system affected maize biomass production. As weed biomass decreased according to level of herbicide application, the maize biomass per plant increased to a greater extent in maize 70 and especially 50 cm of inter-row distance and under application of both nitrogen fertilizer forms. Reduced row spacing significantly suppressed the weed density and biomass. The maximum reductions in weed density (9%) and dry weight (34%) were recorded in 55 cm row spacing as compared with 75 cm row spacing (Maqbool et al., 2006) . In another study weed biomass was reduced 28% by reducing row spacing to 56 cm and by 16 to 29% in 38 cm rows (Stewart, 2001; Tharp & Kells, 2001) . Various management methods for weed control may be useful for maize crop including cultural weed control (Begna et al., 2001) , the cultivation of competitive varieties under changed spatial arrangement of crop plants (Simić & Stefanović, 2007; Evers & Bastiaans, 2016) , manual weed control (Abouziena et al., 2008) , chemical weed control (Kir & Dogan, 2009 ), etc. The most effective is combination of different methods which are incorporated into the system of Integrated Weed Management which provide the beneficial, long-lasting and environmentally safe control of different weeds and minimize production losses of maize crop.
Conclusion
According to obtained results, it could be concluded that crop-weed interactions highly depend on herbicide application. Results shows that weed biomass was slightly higher in 70 cm than in 50 cm row distance but it was significantly lower on herbicide treated variant than on untreated control. Pre-emergence mixture of S-metolachlor + mesotrione provided good control and at the higher extent when it was applied after slow-realise urea. The best efficacy was observed in post-emergence treatment with mesotrione + nicosulfuron in 50 cm row distance and standard urea application (96.5%). Chemical control of weeds significantly increased biomass of maize plants while row spacing and nitrogen form, didn't show significant influence. Maize biomass was the highest in herbicide treatments, application of standard urea and 50 cm row distance. Regarding to obtained results at the development stage of maize up to 22-24 leaves, whatever the form of fertilizer is applied, weed biomass was lower, and herbicide efficacy was higher, as well as maize biomass production at 50 cm inter-row space which implicates that space between maize rows could be decreased from standard 70 cm.
